Background: Alcohol use among adolescents is widespread and a growing concern due to long-term behavioral deficits, including altered Pavlovian behavior, that potentially contribute to addiction vulnerability. We tested the hypothesis that adolescent intermittent ethanol (AIE) exposure alters Pavlovian behavior in males and females as measured by a shift from goal-tracking to sign-tracking. Additionally, we investigated GLT-1, an astrocytic glutamate transporter, as a potential contributor to a sign-tracking phenotype.
A LCOHOL USE AMONG adolescents is widespread, with over 35% reporting regular consumption (Bachman et al., 2014) . More importantly, about 15% of all teenagers in the United States reported heavy drinking or binge-drinking episodes (Bachman et al., 2014) . Binge-level alcohol consumption is associated with elevated risk for numerous adverse outcomes, including increased risky behavior, drug consumption, physiological damage, and potential injury or death. However, equally concerning are the potential long-term effects of adolescent binge alcohol consumption, such as cognitive deficits and substance abuse susceptibility (e.g., Brown et al., 2000b) . The brain is rapidly developing during adolescence, including the prefrontal cortex which is tasked with executive control (Luciana, 2013) . These long-term consequences may be due to alcohol altering the specific neural development that occurs during adolescence, which continues well into early adulthood (e.g., Vetreno et al., 2016) . However, little longitudinal data are available in humans, making it difficult to determine whether these adult deficits are due to adolescent exposure to high levels of alcohol, or to coincident genetic or environmental factors.
In contrast to the causal ambiguity in human studies, longitudinal preclinical studies allow scientists to isolate the effects of adolescent alcohol exposure on behavior and neurobiology in adulthood . To date, such studies have shown that adolescent intermittent ethanol (AIE) exposure leads to impaired reversal learning (Coleman et al., 2014) , enhanced cue-driven behavior (McClory and Spear, 2014) , increased ethanol (EtOH)-induced conditioned place preference (Pascual et al., 2012) , greater EtOH selfadministration (Pascual et al., 2009; Toalston et al., 2015 ; but see Slawecki and Betancourt, 2002) , and resistance to extinction of EtOH self-administration (Gass et al., 2014; Toalston et al., 2015) .
Repeated presentation of a cue-associated noncontingent reward can lead to a strong cue bias, as the cue may acquire incentive salience (Berridge and Robinson, 2003) . Here, we used a Pavlovian conditioned approach (PCA) paradigm with adult male and female rats that previously received 14 binge-level doses of EtOH that spanned the adolescent period. In this paradigm, an otherwise neutral cue reliably precedes reward delivery. Some animals develop a conditioned response to approach the cue despite its noncontingent relationship to the reward; these are termed "sign trackers." Other animals more predictably approach the reward delivery location during the cue presentation; these are termed "goal trackers." AIE has previously been shown to enhance sign-tracking in males (McClory and Spear, 2014) , but the effect in females is unknown. There exists a stark gap in research investigating sex differences on behavior in adulthood as a result of adolescent EtOH exposure. Therefore, we chose to focus this study on potential sex differences in AIEinduced effects on PCA.
Most studies investigating the neurochemical mechanisms of sign-tracking behavior have focused on dopaminergic mechanisms (e.g., Flagel et al., 2007) . Another possibility is glutamate signaling, which is regulated by astrocytes and can be altered by addictive drugs such as cocaine (Kalivas, 2009) . Astrocytes express many of the same neurotransmitter receptors as neurons, rendering their function potentially vulnerable to drug exposure such as AIE. AIE can alter the morphology (Risher et al., 2015) and number (Koss et al., 2012) of astrocytes. GLT-1 glutamate transporters are primarily expressed on astrocytes and regulate synaptic levels of glutamate, as they are the primary mode of glutamate clearance from the synapse after vesicular release from the presynaptic terminal (Danbolt, 2001; Tzingounis and Wadiche, 2007) . Previous studies have shown that repeated exposure to drugs of abuse leads to decreased levels of GLT-1 in the nucleus accumbens (NAcc) (Alajaji et al., 2013; Reissner et al., 2015; Shen et al., 2014; Sondheimer and Knackstedt, 2011) . Adolescent alcohol exposure has been shown to increase basal glutamate levels in the NAcc (Carrara-Nascimento et al., 2011) , suggesting deficient GLT-1 function or expression. Further, pharmacological intervention that restores levels of NAcc GLT-1 after drug-induced deficits results in less cue-evoked reinstatement of conditioned reinforcers (Shen et al., 2014; Sondheimer and Knackstedt, 2011) . These reports suggest that GLT-1 levels are inversely related to cue sensitivity in instrumental responding; as such, we propose that GLT-1 expression may correlate with cue sensitivity in Pavlovian responding. Therefore, we hypothesized that AIE induces a persistent decrease in NAcc GLT-1 expression, contributing to changes in excitatory signaling and altering conditioned behavior to a cue-predictive reward.
MATERIALS AND METHODS

Subjects and Adolescent Alcohol Exposure
All experimental procedures were approved by the University of North Carolina Institutional Animal Care and Use Committee. Male and female Sprague-Dawley rats were reared from in-house breeders and were maintained in a temperature-and humidity-controlled vivarium with a 12:12 hour light cycle, lights on at 0700. By postnatal day (P) 3, litters were culled to 8 to 10 pups with 4 or 6 males. Same-sex littermates were weaned to 2 per cage on P21. Adolescent EtOH was administered as previously described (Vetreno et al., 2014) . Briefly, beginning on P25, rats were weighed and received 5 g/kg EtOH (intragastric [IG] , 25% v/v in water; AIE) or the equivalent volume of water (CON) once per day on a 2-days-on, 2-days-off regimen through P54 for a total of 16 doses.
Pavlovian Conditioning
At~P67 (specifically, P64 to P70), rats were given a bottle of 20% sucrose in water for 1 hour in their home cage to familiarize to the reward solution. On the same day, rats were placed into behavioral chambers (Med Associates, St. Albans, VT) for receptacle training. The behavioral chambers were 12″ L 9 12.5″ W 9 11.5″ H. A house light located near the chamber ceiling and opposite the reward receptacle remained illuminated during the entire session. The reward receptacle was recessed, and entries were recorded by photobeam breaks. Receptacle training was performed to familiarize the rats with noncontingent reward delivery into the receptacle. One hundred micoliters of 20% sucrose was delivered to the reward receptacle in variable 120-to 230-second intervals. Reward receptacles were checked after the session for any remaining sucrose solution to verify the animal consumed the reward.
At~P70 (specifically, P67 to P73), rats began PCA training (Palmatier et al., 2014) . Sessions were conducted daily, 5 d/wk, for 4 weeks. Rats were placed into the behavior box and allowed to habituate for 5 minutes. Trials began with a 30-second presentation of a conditioned stimulus (CS+) in the form of an illuminated cue light immediately above an extended lever. Termination of the CS+ consisted of extinguishing the cue light and retracting the lever. CS+ termination coincided with delivery of 100 ll 20% sucrose to the reward receptacle. After a variable intertrial interval (90 to 210 seconds), a new trial began. Each daily session consisted of 15 trials. Behavioral measures (lever presses, receptacle entries) and conditioning events (CS+ onset, sucrose delivery) were digitally recorded by the instrumentation (Med Associates).
Behavioral Data Analysis
Behavioral metrics included lever presses, reward receptacle entries, elevation score, latency to lever press, latency to receptacle entry, probability of lever press in a session, and probability to receptacle entry in a session. Lever presses were measured only during CS+ presentation, as lever extension only occurred as part of the CS+. Receptacle entries were the total number of receptacle entries in a session. Elevation score was calculated as the number of receptacle entries during a CS+ presentation less the number of receptacle entries 30 seconds prior; this metric more accurately represented conditioned responses by accounting for differences in activity outside the CS+ presentation (Besheer et al., 2004) . Latencies were measured as the time to lever press or receptacle entry after CS+ onset, with a maximum of the 30 seconds CS+ cue duration. The probability to lever press or receptacle entry in a trial was the number of trials where the behavior occurs divided by 15 (total number of trials), with a probability of 1 indicating the behavior occurring in all trials. CS+ and unconditioned stimulus (US) trials were determined by the first conditioned response in a trial. Within a trial, if an animal pressed the lever first, it was recorded as a CS+ trial, if the animal entered the reward receptacle first, it was recorded as a US trial, and if the animal did not respond during a trial, nothing was recorded.
A tracking score modified from a previous publication (Yager and Robinson, 2015) was calculated to determine goal-tracking, intermediate, and sign-tracking phenotypes. In place of receptacle entries, we used elevation score. As a negative or positive elevation score is indicative of a decrease or increase in cue-specific conditioned responding for the reward receptacle, respectively, the denominator of the conditioned responding component of the tracking score employs the absolute value of the elevation score so as to be representative of a total level conditioned responding. In turn, a negative elevation score in the numerator of this component would appropriately amplify any preference for the cue over the reward receptacle. Further, we found that probability scores for females reached their maximum levels despite AIE exposure history. Therefore, we felt that CS+ and US trials in lieu of probability would be a more effective behavioral component in our study. We calculated tracking scores using the following formula: Lever presses, reward receptacle entries, elevation score, latency to lever press, latency to receptacle entry, probability of lever press in a trial, and probability to receptacle entry in a trial were all analyzed using 3-way ANOVA with session as a repeated-measure factor and sex and adolescent exposure as between-subjects factors. We calculated Pearson's correlation coefficients for elevation score against lever presses to determine any effects of sex or adolescent exposure on potential relationships between cue-and receptacleapproach behaviors.
Quantification of GLT-1 in the NAcc
Twenty-four hours after the final training session, rats were euthanized by decapitation, brains were removed, and the NAcc was dissected. A crude membrane subfraction (P2) was prepared from the freshly dissected NAcc tissue (Knackstedt et al., 2010) . Crude membrane P2 pellets were resuspended in 30 ll of 19 RIPA buffer supplemented with 1% SDS and 1:100 Halt protease inhibitor cocktail containing EDTA (Thermo Scientific, Waltham, MA) and centrifuged 12,0009g for 10 minutes at 4°. Supernatant was recovered, and protein content was determined using the BCA assay (Thermo Scientific). Twelve micrograms of protein from each sample was separated onto two 7.5 or 12.5% Bio-Rad Criterion gels (Bio-Rad Laboratories, Hercules, CA) and transferred onto PVDF membranes. In a separate experiment, a protein-loading dose-response curve was generated to verify our loading was within the linear range by increasing the amount of P2 membrane protein loaded from 3 to 15 lg. Membranes were blocked with Odyssey blocker in TBS (LI-COR, Inc., Lincoln, NE) and probed with primary antibodies against GLT-1 (Millipore #AB1783, 1:1,000; Merck Millipore, Billerica, MA) and calnexin (Enzo #ADI-SPA-860-D, 1:4,000; Enzo Life Sciences, Inc., Farmingdale, NY) overnight at 4°. Fluorescent secondaries 800CW anti-guinea pig and 680RP anti-rabbit from LI-COR were used at 1:15,000 for 1.5 hours at room temperature. Westerns were imaged and band densities quantified on a LI-COR Odyssey Fc imaging system. Protein content was measured as the ratio of GLT-1 to the protein-loading control calnexin for each sample.
Quantification of Blood EtOH Concentration
To assess blood EtOH concentration (BEC), a separate group of 23 male and 26 female Sprague-Dawley rats were bred and weaned as described above. On P35, animals received 5 g/kg EtOH (IG, 25% v/v in water or the equivalent volume of water 15, 30, 60, or 90 minutes before euthanasia when tail and trunk blood samples were collected). Tail blood was collected by cutting the tip of the tail with a razor blade and depositing the blood into a heparin-lined tube. Immediately following tail blood collection, animals were rapidly decapitated for collection of trunk blood. Samples were immediately placed on ice and centrifuged at 1,7009g for 4 minutes; then, plasma was collected and stored at À80 degrees C until analysis. BEC was measured using a 5 ll plasma sample in an Analox-AM1 (Analox Technologies, Atlanta, GA). Statistical analyses of BEC were performed using a blood source-by-sex-by-time 3-way ANOVA. One trunk blood sample was eliminated from analysis as an outlier using Grubbs' test for statistical outliers.
RESULTS
Weights and BECs
Body weight on days of AIE exposure was measured and analyzed using day-by-exposure 2-way ANOVA with day as a repeated-measure factor and exposure a between-subjects factor. Males and females were analyzed separately due to expected weight disparity between sexes. There was no main effect of AIE in the female group, F(1, 22) = 0.574, p = 0.459, nor a significant day-by-exposure interaction, F (15, 30) = 0.803, p = 0.674. Males exhibited no main effect of AIE, F(1, 22) = 2.8, p = 0.108; however, there was a significant day-by-exposure interaction, F(15, 330) = 4.5, p < 0.01, indicating a smaller increase in body weight over exposure days as a response to AIE. Although body weight lagged in AIE-exposed males during adolescent exposure, no significant differences were observed when comparing weight on the first day of behavior testing (male: t 22 = 0.702; female: t 22 = 0.982), suggesting no long-term effects of AIE on body weight.
BEC was measured following IG EtOH in a separate group of adolescent rats on P35. Male animals weighed 118.4 AE 4.2 g (mean AE SEM), and females weighed 99.6 AE 3.0 g. We collected tail and trunk blood at 15-, 30-, 60-, and 90-minute time points from males and females. Peak BEC, 242 AE 15.4 mg/dl for males and 234 AE 17.7 mg/dl for females, occurred at 60 minutes postgavage for both sexes in trunk and tail blood samples (Table 1) . The 3-way ANOVA of blood source-by-sex-by-time revealed that BEC varied based on the source of the blood and the time point at which the blood was taken. There was a significant blood sourceby-time interaction, F(3, 39) = 12.669, p < 0.001, and post hoc analysis indicated that BEC in tail blood was lower than trunk blood samples at the 15-, 30-, and 60-minute time points. In addition, BEC in tail blood samples increased significantly from the 15-to the 60-minute time point. BECs in trunk blood samples taken at 30 and 90 minutes were significantly lower than those from samples taken at 60 minute. No differences emerged between trunk or tail blood across sex. There was a blood source-by-sex interaction, F(1, 39) = 9.178, p = 0.004, but post hoc analysis using Tukey's HSD indicated that tail and trunk blood samples differed within sex but not between sexes.
Sign-and Goal-Tracking
Sign-tracking was measured as lever pressing over 20 training sessions. The final 5 sessions were averaged and analyzed for effects of sex and AIE history (Fig. 1) . We found a strong effect of sex on sign-tracking, with females exhibiting elevated lever presses per session, faster latency to lever press, and increased probability of lever pressing in a trial compared to males. We observed an isolated effect of AIE history to increase lever pressing in both sexes (Fig. 1) . Analysis of lever presses revealed significant main effects of sex, F(1, 44) = 12.67, p < 0.001, and AIE exposure, F(1, 44) = 5.31, p < 0.05. Moreover, we found significant main effects of sex on latency to lever press, F(1, 44) = 16.29, p < 0.001, and leverpress probability, F(1, 44) = 14.27, p < 0.001. In contrast, there was no significant main effect of AIE on either latency to lever press or lever-press probability, F(1, 44) = 0.03 and F(1, 44) = 0.50, respectively. Furthermore, analyses revealed no significant sex-by-exposure interactions for any sign-tracking metric, lever presses: F(1, 44) = 2.14; latency to lever press: F(1, 44) = 0.91; lever-press probability: F(1, 44) = 0.74.
Goal-tracking was measured as reward receptacle entries during the CS+. As with sign-tracking, we performed 2-way sex-by-exposure ANOVA on the average of the last 5 sessions for elevation score, latency to receptacle entry, and probability of receptacle entry. In contrast to sign-tracking observations, AIE largely affected goal-tracking metrics (Fig. 2) . Main effects of AIE exposure emerged for elevation score, F(1, 44) = 9.26, p < 0.01, receptacle latency, F(1, 44) = 9.16, p < 0.01, and receptacle probability, F(1, 44) = 10.14, p < 0.01. We observed no significant main effects of sex on goal-tracking, elevation score: F(1, 44) = 1.23; receptacle latency: F(1, 44) = 0.52; receptacle probability: F(1, 44) = 0.87, or sex-by-exposure interactions, elevation score: F(1, 44) = 2.23; receptacle latency: F(1, 44) = 1.05; receptacle probability: F(1, 44) = 1.25.
In an additional analysis, we investigated individual behavioral variability to address the potential contribution of the female estrous cycle to our observed effects. Specifically, if the 4-day estrous cycle altered PCA behavior, then we would expect females to display more day-to-day variability in behavior than males (Prendergast et al., 2014) . To assess this, the coefficient of variance (i.e., standard deviation divided by the mean) for the last 5 sessions in all behavioral metrics for each animal was calculated and then averaged within groups (Table 2) . We found that in most behavioral metrics, females exhibited less day-to-day variability than males. Thus, it is unlikely that estrous cycle contributed to behavioral variability in this study.
Sign-and goal-tracking metrics were compiled to generate a tracking score to determine the impact of AIE on inducing a sign-tracking phenotype in our experimental groups (Table 3) . We observed an overall increase in the number of sign trackers when administered AIE, 20.84% of CON exposed and 45.85% of AIE exposed. However, AIE had no effect on the number of male sign trackers, and 16.67% of both CON-and AIE-exposed males were sign trackers. Conversely, females were largely impacted by AIE exposure, and 25% of CON females and 75% of AIE females were sign trackers.
To determine whether sign-and goal-tracking were independent behaviors or highly correlated, and whether this relationship was changed by AIE exposure, we plotted individual elevation scores against lever presses (Fig. 3) and calculated Pearson correlations. We observed significant correlations in the female groups (female-CON: r = À0.706, p < 0.05; female-AIE: r = À0.623, p < 0.05), whereas neither male-CON nor male-AIE groups exhibited significant correlations (male-CON: r = À0.177; male-AIE: r = 0.138). These results suggest that in males, sign-tracking and goal-tracking are independent behaviors whereas they are inversely correlated in females. Further, these relationships, or lack thereof, are unaltered by AIE. 
Membrane Expression of GLT-1
We tested GLT-1 membrane levels in the NAcc of AIE and CON animals, as a decrease would suggest greater NAcc excitability and glutamatergic signaling, potentially providing a physiological basis for AIE-induced behavioral effects. Contrary to our hypothesis, no changes to GLT-1 membrane expression were observed (Fig. 4) . Initially, we performed protein separation on a 7.5% PAGE gel. We Fig. 1 . Females exhibited elevated sign-tracking compared to males across multiple behavioral metrics, while adolescent intermittent ethanol (AIE) increased lever pressing. Left: sign-tracking across all 20 training sessions as measured by lever presses (A), latency to lever press (C), and probability to lever press (E). Right: the average of the last 5 sessions for lever presses (B), latency to lever press (D), and probability to lever press (F). (+p < 0.01 between sexes, *p < 0.05 between exposures). observed a nonsignificant trend toward an overall increase in GLT-1 in females over males; statistical analyses revealed no main effect of sex, F(1, 44) = 2.31, AIE exposure, F(1, 44) = 0.03, nor a significant sex-by-exposure interaction, F (1, 44) = 1.25, on GLT-1 membrane expression. As a replication, and to obtain a clearer GLT-1 blot, we performed gel separation with remaining available sample in a 12.5% gel (shown in Fig. 4) ; 1 male-AIE subject was not included in the second analysis due to insufficient remaining protein to load onto a second gel. From the 12.5% gel, we also observed no statistical significance in membrane GLT-1 expression for a main effect of sex, F(1, 43) = 1.91, AIE exposure, F(1, 43) = 0.01, nor a significant sex-by-exposure interaction, F(1, 43) = 0.31, on GLT-1 membrane expression. We verified that a change in expression of GLT-1 could be detected using our blotting conditions by generating a protein-loading dose-response curve for GLT-1 that ranged from 25 to 125% of the amount loaded from the experimental animals (Fig. 4C) . The dose-response curve showed linearity (r 2 = 0.955, p < 0.0001), supporting our finding that GLT-1 membrane expression is not affected by sex nor AIE exposure.
DISCUSSION
Binge EtOH drinking during adolescence may lead to adult behavioral deficits such as cognitive decline (Brown et al., 2000a) and addiction vulnerability (e.g., Brown et al., 2000b) . The ability to manipulate EtOH levels and control for age of exposure onset in rodent models affords researchers the ability to more accurately determine how adolescent EtOH, rather than genetic or social predispositions, contributes to adult outcomes. We hypothesized that AIE disrupts normal cue-reward association as measured by PCA. In particular, we posited that animals preexposed to AIE would develop a strong preference for the CS+, despite the noncontingent nature of reward delivery. We observed that AIE reduced all indices of goal-tracking and increased the number of lever presses in both males and females. Multiple studies show that exposure to abused and addictive drugs promotes a sign-tracking phenotype (McClory and Spear, 2014; Palmatier et al., 2013; Peters and de Vries, 2014; Uslaner et al., 2006; Yager and Robinson, 2015) . Therefore, we compiled metrics of sign-and goal-tracking to generate a tracking score to determine tracking phenotypes, sign-or goal-tracking, of our experimental groups. From this, we found that AIE had no effect on sign-tracking phenotype in males. Consistent with this, significant inverse correlations between cue and goal interactions were not observed in males, regardless of AIE exposure history. Conversely, AIE produced a large shift toward a sign-tracking phenotype in females, possibly a result of the significant inverse correlation between cue and goal interactions in females. Our findings in males are in contrast to the previous report by McClory and Spear (2014) , where significant increases in sign-tracking in males exposed to AIE were observed. Additionally, we observed larger effects of AIE in goal-tracking metrics in males when compared to sign-tracking metrics, whereas McClory and Spear (2014) observed more pronounced effects on sign-tracking metrics. This disparity in effects on behavior by AIE is likely due to differing PCA procedures. In particular, we provided a 30-second reward-predictive cue prior to reward delivery (Palmatier et al., 2013) , as opposed Fig. 3 . Females, but not males, exhibit a correlation between sign-and goal-tracking. Using lever pressing and elevation score as metrics for correlation, both CON and adolescent intermittent ethanol (AIE) females express significant sign-and goal-tracking behavioral correlations, with no correlation observed in either male group. to a much shorter 8-second cue (McClory and Spear, 2014) . Nevertheless, in both studies, we observed a significant influence of AIE on approach behavior, and the present study extends these findings by describing sex differences in AIE effects.
Sign-tracking, as indexed by metrics of CS+ interaction, was elevated in females compared to males, independent of AIE. This finding was unexpected, based on previous reports suggesting no sex difference in approach to a reward-predictive cue (Anderson and Spear, 2011; Pitchers et al., 2015) .
However, the Pitchers and colleagues (2015) study suggested stronger approach behavior in females, although not exclusively to a reward-predictive cue as it also occurred in response to a nonpredictive cue (CSÀ). In the present study, we did not provide a CS option for approach; therefore, these results may reflect nonspecific behavior, although one could argue that a significant decrease in latency to cue interaction indicates strong motivation for the CS+. Our findings suggest that females may be more likely to attribute salience to reward-specific cues. Moreover, sign-tracking and goaltracking were correlated only in females, suggesting that both AIE-and water-exposed females individually preferred either the CS+ or the reward location, whereas males as a group exhibited no obvious pattern of CS+-associated behavior. The sex difference observed here was not likely due to differences during the AIE exposure period, as BEC levels were similar in males and females after gavage EtOH administration during adolescence. Notably, females tended to exhibit less day-to-day variability in behavior than males, suggesting that estrous cycle does not strongly influence conditioned responding and consistent with the broader literature (Becker and Koob, 2016) .
Adolescents report lower sensitivity to binge levels of EtOH consumption compared to adults (Day et al., 2013; Spear, 2014) , leading to a prevalence of high consumption over a short time period. For example, >5% of high school seniors and up to 20% of 18-to 24-year-olds have reported consuming 15 or more drinks in a single occasion (Patrick et al., 2013; Schuckit et al., 2014) . As such, we employed a binge dosing that resulted in high BEC. Moreover, steadystate exposure to EtOH such as occurs with an EtOH vapor chamber or forced diet protocol may not be appropriately translational for adolescent exposure studies . We did not make comparisons between AIE exposure and adult EtOH exposure on PCA behavior. A previous study comparing AIE and adult EtOH effects on PCA behavior reported no effect of adult EtOH exposure on PCA behavior to sucrose reward in males (McClory and Spear, 2014) . Therefore, we chose to focus our study on sex effects on AIE-induced behavioral changes. However, this should not discount potential sex effects on adult EtOH exposure and subsequent behavior, which could be the focus of future experiments given the results we observed in the present study.
Despite high sign-tracking behavior in females and an AIE-induced shift toward sign-tracking, neither sex nor AIE history associated with a change in GLT-1 expression. Decreases in astrocytic GLT-1 expression in the NAcc have been observed after administration of addictive substances (Alajaji et al., 2013; Knackstedt et al., 2010) , leading to a state of hyperexcitability that is thought to contribute to drug use and relapse (Kalivas, 2009) . Changes in GLT-1 expression and glutamate transport have been reported following exposure to alcohol in some paradigms (Das et al., 2015; Sari et al., 2013) , but not others (Griffin et al., 2015; Pati et al., 2016) . Thus, it was of interest to us to determine Fig. 4 . Membrane expression of GLT-1 was similar across sex and adolescent intermittent ethanol (AIE) history. (A) Representative bands from 12.5% gel GLT-1 Western blot (MW, male water; ME, male ethanol; FW, female water; FE, female ethanol); (B) expression levels from 12.5% gel of GLT-1 normalized to the male water group, represented in arbitrary units; (C) protein-loading dose-response curve indicated that expression of GLT-1 in behavior subjects (A and B) was well within the linear section of the protein-loading curve.
whether the exposure regimen here would lead to lower membrane expression of GLT-1 in the NAcc after AIE, potentially altering conditioned responses. Our negative GLT-1 results were surprising in light of a previous report that adolescent EtOH exposure increases basal extracellular glutamate, as measured by microdialysis (Carrara-Nascimento et al., 2011), of which GLT-1 is the primary regulator (Danbolt, 2001; Pati et al., 2016; Tzingounis and Wadiche, 2007) . The lack of effect of AIE on GLT-1 membrane expression does not necessarily exclude changes to excitatory signaling or glutamate homeostasis as a contributing factor to the neurobiological consequences of AIE, as various preand postsynaptic neuronal mechanisms also contribute to glutamate sampled by microdialysis (Baker et al., 2002) . Moreover, other reports support a model of hyperexcitability following AIE. In particular, AIE-induced immune gene induction activates microglia and astrocytes, leading to a TNFa-evoked inhibition of glutamate reuptake (Zou and Crews, 2005) . Despite working through the same transporter, TNFa-induced decreases in glutamate uptake would not necessarily be reflected in changes to GLT-1 protein expression.
A change to mesolimbic dopamine circuit activity is an alternate mechanism that may contribute to the findings reported here. A distinct difference in dopamine receptor expression is associated with the development of sign-or goal-tracking phenotypes. Specifically, whereas sign trackers express higher levels of NAcc D1 receptor mRNA, goal trackers express higher NAcc D2 receptor mRNA, tyrosine hydroxylase mRNA in the ventral tegmental area (VTA), and VTA dopamine transporter mRNA (Flagel et al., 2007) . These data suggest that sign trackers trend toward higher dopamine-associated excitability when compared to goal trackers, as has been suggested in pharmacological studies (Chow et al., 2016; Saunders and Robinson, 2012) . While it is well known that acute EtOH increases tonic and phasic dopamine in the NAcc (e.g., Robinson et al., 2009) , acute EtOH in adolescents evokes considerably higher dopamine compared to adults as measured by microdialysis (Philpot and Kirstein, 2004) . Indeed, more recent studies have shown that adolescent EtOH exposure results in elevated phasic dopamine release in response to a reward-predictive cue in adulthood (Spoelder et al., 2015) . Altogether, it is likely that AIE-induced hyperexcitability is not restricted to a single signaling mechanism, but rather arising from multiple pathways across circuits that contribute to conditioned behavior.
Binge drinking is the number one cause of alcohol-related deaths (Stahre et al., 2014) , and approximately a third of late adolescents/emerging adults engage in this behavior (Johnston et al., 2011) . Animal studies suggest that adolescent brains are more vulnerable to the neurotoxic effects of binge alcohol, leading to behavioral deficits that persist into adulthood Spear and Varlinskaya, 2010) . However, persistent effects of adolescent binge drinking in humans are difficult to isolate, as adolescent binge drinking is associated with continued binge drinking in adulthood (Degenhardt et al., 2013; Reich et al., 2015) and with preexisting neurobiological and personality differences (Whelan et al., 2014) . While the adult neurocognitive deficits associated with adolescent binge alcohol exposure in humans remain to be fully delineated, the present findings suggest that adolescent exposure itself is sufficient to induce persistent changes in reward-associated behavior. Moreover, our findings point to the importance of considering sex differences in the sequelae of adolescent alcohol exposure.
